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In 19 patients with Duchenne's muscular dystrophy, left
ventricular wall thickness in end-systole and end-diastole
was determined serially every 12 months by echocardi-
ography and compared with ventricular wall growth in
normal subjects. In the normal subjects, left ventricular
wall thickness increased linearly with increasing body
surface area. A control group of wheelchair-bound pa-
tients with a variety of neurologic disorders, although
not followed serially, had a distribution of end-diastolic
Patients with Duchenne's muscular dystrophy at postmortem
examination frequently manifest a type of left ventricular
free wall fibrosis that is usually limited to the epicardial half
of the wall (1-5). In some patients, this fibrosis causes
moderate to marked cardiac impairment. Many investigators
have sought to define the degree of cardiac involvement by
a variety of noninvasive techniques, such as measurement
of systolic time intervals, ventricular shortening fraction and
mean velocity of circumferential fiber shortening (6-9).
However, the success in detecting the -cardiac component
of the disease in individual children has been variable for
routine methods. During the course of our previously re-
ported investigation (9), we noted that mean left ventricular
wall thickness in boys with Duchenne's muscular dystrophy
was significantly less than the normal mean value, and the
left ventricular cavity size was significantly smaller than the
mean value in normal subjects. Although the major result
of that investigation was the demonstration that most pa-
tients with muscular dystrophy had impaired diastolic re-
laxation, the reduction in free wall thickness suggested the
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wall thickness values similar to that of the normal sub-
jects. In patients with muscular dystrophy, wall thick-
ness increased linearly with respect to body surface area
for some time and then began to thin. The time at which
thinning began was not directly related to age, although
it was more common in older than in younger patients.
Those patients who died demonstrated marked deviation
from normal wall growth. Free wall thinning is probably
a result of fibrosis and loss of myofibrils.
need for further investigation. The results of a 4 year serial
echocardiographic study of the left ventricular wall in these
same patients are reported.
Methods
Study patients. Nineteen boys with Duchenne's mus-
cular dystrophy formed the study group for this investiga-
tion. Confirmatory information for diagnosis of muscular
dystrophy consisted of family history, muscle biopsy, ele-
vated serum creatine kinase and an abnormal electrocardio-
gram (10). All of the patients had been followed up in the
Mucio F. Delgado Clinic for Neuromuscular Disorders at
the University of Arizona. Mvmode echocardiograms, per-
formed according to standard techniques (11), were re-
corded every 12 months for all of the patients with the
exception of some instances described later. General data
for each boy are reported in Table 1.
Control group. The observations in boys with Du-
chenne's muscular dystrophy were controlled in two ways.
First, the data were compared with data from 205 normal
children (12). Second, single left ventricular posterior wall
measurements were made for 13 wheelchair-bound patients
to control for the possibility that any changes in patients
with muscular dystrophy were merely due to inactivity. All
control patients had been wheelchair-bound for at least 3
years. Their age range matched that of the patients with
muscular dystrophy, and individual patients were matched
to the extent possible. Diagnoses for this control group
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Table 1. General Data for Patients With Duchenne's Muscular Dystrophy at Last Study
Last Last Last BP
Case Age (yr) BSA (rrr') (rnm Hg) Alive
I 5 0.6 88/80 +
2 10 10 110/80 +
3 13 1.5 100178 +
4 23 I 7 120/96
5 8 09 88170 +
6 19 20 108170 +
7 14 20 95170
8 8 09 104170 +
9 15 I 2 102170 +
10 10 I I 90/60 +
II 10 1.2 115/80 +
12 13 I 2 100/60 +
13 10 09 84/56 +
14 10 I 0 100170 +
15 10 09 104/86 +
16 6 09 90/60 +
17 14 I 2 96/60 +
18 6 0.9 100170 +
19 II I I 93/65 +
*Ambulallon without assistance.
BP = blood pressure; BSA = body surface area, + = yes - = no
Walkmg*
+
+
+
+
+
included cerebral palsy, spina bifida and accidents involving
the spinal chord,
Echocardiography. Recording equipment consisted of
a Smith Kline 20A or 20S and a Honeywell 1856 or LS-8
recorder. The echograph was modified to contain a switched
gain circuit (13) to allow increased dynamic range for sep-
arating weak and strong signals, Echocardiograms of ade-
quate quality were sometimes obtained at the expense of
extreme technical effort, because chest deformities reduced
the space between the ribs through which the ultrasonic
studies were conducted, All left ventricular posterior wall
echoes were recorded at the chordal level. For analysis of
records, the endocardium and epicardium of each M-mode
echocardiogram were required to be visible and the image
of the epicardium separated from the image of the pericar-
dium (Fig, I) (9), Echocardiograms of the left ventricular
wall obtained and measured in this manner in our laboratory
have a range of measurement of 0.75 mm between observers
and 0,5 mm for multiple measurements by the same ob-
server. Reported year to year repeatability in our laboratory
is of the same order of magnitude (9), The shortening frac-
tion was measured by the following formula:
Shortening fraction =
LVID(dla"o!c1 - LVID(,y,tole/LVID(dla,tolcl'
where LVID = left ventricular internal dimension,
Analysis of data. For the purpose of this report, the
diastolic and systolic wall thicknesses as measured on each
echocardiogram will be reported in detail. Measurements
were made with a calibrated digitizer and according to the
recommendations of the American Society of Echocardi-
Figure 1. An echocardiogram from a patient with Duchenne 's
muscular dystrophy, Wall thickness was measuredfrom endocar-
dial to epicardial surface at the beginning of the QRS complex in
end-diastole (D) and at peak wall thickness in end-systole (S),
Note the epicardial-pericardial separation under the peak systolic
line. The pericardial image is indicated by a blacktriangle. Lye
= left ventricular cavity; SEP = septum,
Lye
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Figure 2. The left ventricular wall thickness for 19 boys is shown
diagrammatically. In the lower right corner is a left ventricular
posterior wall growth grid that plots centimeters of wall thickness
(ordinate) on the basis of body surface area (abscissa) (14). The
mean and standard error for diastolic wall thickness only are plotted
as the center three lines. The outer lines define 2 standard de-
viations of the population studied. An oval centroid encloses all
of the actual data points on which the material was based. The
slope of the 50th percentile for diastolic wall thickness was copied
in each panel. To localize the position along the line that each
boy's data occupied, I meter squared body surface area is indicated
by a vertical line and labeled in panell (I rrr'). Further, the actual
deviation from the mean wall thickness can be calibrated according
to the scale in the first panel. Calibration is applicable to all panels,
and units are centimeters. Dots connected by a line indicate sys-
tolic wall thickness, and unconnected dots represent diastolic wall
thickness in each panel. A d in the lower right of a panel indicates
that the patient died.
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Table 2. Longitudinal Data for Patients With Duchenne's Muscular Dystrophy
LVID" LVID, LVPW" LVPW, LVPWJ
Case Age (yr) BSA (rn") (em) (em) (em) (em) LVPW" (em) SF (%) Alive Walking
3 0.52 3.1 22 0.35 0.60 I 71 29 + +
4 0.55 3.5 2.4 036 069 1.92 31 + +
5 060 3.4 24 034 075 22 29 + +
2 7 0.81 3.6 2.3 048 0.81 2.0 36 + +
8 0.91 36 2.3 053 0.95 1.9 38 + +
9 0.93 3.6 24 0.53 0.95 I 8 33 + +
3 9 1.01 36 2.6 0.51 0.81 1.59 28 + +
10 1.1 39 2.9 042 0.73 I 74 26 +
II I 3 3.7 28 037 0.63 1.70 24 +
12 I 5 4.0 28 0.37 063 1.63 29 +
4 21 1.67 4.1 35 0.74 098 1.32 15 +
22 1.67 3.9 33 0.50 067 I 34 15 +
23 1.67 4.7 4.1 046 068 I 48 13
5 6 0.59 3.1 2.2 038 0.71 1.87 29 + +
7 0.67 35 2.4 0.44 0.85 1.93 31 + +
8 085 3.4 2.4 0.47 079 1.68 29 + +
6 16 14 4.1 25 053 106 2.0 39 +
17 1.4 40 28 055 0.93 I 94 30 +
18 1.4 4.2 2.5 053 1.10 2.04 40 +
19 1.7 47 32 061 1.3 190 32 +
7 12 1.87 4.5 35 050 0.71 1.42 22 +
13 1.91 4.5 34 0.33 057 1.73 24 +
14 2.00 4.9 4.0 0.39 059 1.51 18 +
8 5 0.60 3.5 22 036 071 1.97 37 + +
6 071 35 2.2 043 069 160 37 + +
7 0.81 3.8 2.4 044 068 1.55 37 + +
8 0.85 40 2.6 0.44 0.70 I 59 35 + +
9 II 101 3.9 24 0.50 1.07 2.14 38 + +
12 I I 3.6 24 042 1.07 2.55 33 + +
13 I I 4.2 2.7 042 084 20 36 +
14 1.1 41 2.6 0.42 087 207 37 +
10 7 0.80 3.4 2.5 046 0.75 163 28 + +
8 0.84 39 27 052 0.84 I 62 30 + +
9 101 38 27 0.52 0.83 1.60 30 + +
10 I I 4.0 29 044 0.74 I 68 28 +
II 7 089 4.2 29 0.49 0.90 I 84 30 + +
8 0.96 4.2 3.2 046 0.88 I. 91 24 + +
9 1.0 4.2 2.9 0.60 0.95 I 58 30 + +
10 1.2 4.4 30 0.55 0.88 160 32 + +
12 10 0.94 3.5 2.5 0.50 0.79 1.58 35 + +
II 0.94 35 24 30 + +
12 1.01 4.2 2.8 0.48 0.74 1.54 33 +
13 1.01 4.1 2.8 0.44 0.73 1.66 31 +
13 8 0.82 3.1 2.2 0.43 0.80 I 86 29 + +
9 0.83 36 2.2 052 097 I 87 39 +
10 0.85 37 24 053 1.01 191 35 +
14 6 0.78 4.0 25 0.39 0.93 2.38 38 + +
7 0.82 41 2.9 0.50 0.81 1.62 29 + +
8 0.96 40 29 050 089 1.78 28 + +
9 1.0 45 24 049 0.88 I 80 35 +
15 8 0.78 35 2.3 041 0.83 202 34 + +
9 0.86 3.3 2.1 043 0.86 2.0 36 + +
10 0.96 3.6 24 043 0.73 I 70 33 +
(continued)
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Table 2. Longitudinal Data for Patients With Duchcnne's Muscular Dystrophy (continued)
LVlDd LVID, LVPWd LVPW, LVPWJ
Case Age (yr) BSA (rrr') (ern) (e rn) (ern) (crnl LVPWd (em) SF (Ok) Alive Walking
16 3 0.56 3.0 1 9 0.38 0.67 1.76 36 + +
4 0.65 3.6 24 0.42 0.79 1 88 33 + +
5 0.74 3.6 2.3 0.34 0.68 2.0 36 + +
6 0.80 3.3 2.2 043 0.79 1.84 33 + +
17 10 1.0 3 5 2.2 0.40 0.88 2.2 37 + +
I I I I 4.0 2.5 0.53 084 1.58 38 + +
12 I 2 3.9 2.5 0.56 0.84 1.50 36 +
18 3 0.62 3.6 2.4 0.39 0.73 l.8 7 33 + +
4 0.65 36 2.4 0 44 0.71 1.61 33 + +
5 0 79 3.7 2.6 039 0.76 1.95 30 + +
6 085 38 2.6 0.46 092 2.0 32 + +
19 7 0.76 3.5 25 0.36 0.69 1 92 29 + +
8 0.76 3.7 2 8 0.36 068 I 89 28 + +
9 0.98 3 5 2.4 0.40 075 1.88 31 +
10 1.0 3.6 2.3 0.4 1 0.70 1.71 35 +
LVlDd and LVID, = left ventricular internal dimension at chordal level at end-diastole and end-systole. respectively: LVPWd and LVPW, = left
ventricular posterior wall thickness in diastole and end-systole. respectively: SF = shortening fracuon, + = yes: - = no.
ography (14). Records were analyzed without knowledge
of any other measurement result for the patient.
In order to have a technique for comparison of mea-
surements, the left ventricular posterior wall thickness (di-
astole) measurement was plotted on a previously published
(14) normal "cardiac wall growth" grid, which was in-
dexed against body surface area. Body surface area for
normal subjects and boys with Duchenne's muscular dys-
trophy were computed according to the standard formula
(surface area = weight x 0.425 x height x 0.725 x
71 .84). Although patients with muscular dystrophy could
be weighed accurately, height was estimated as length mea-
sured in bed. For some of the boys with kyphoscoliosis, the
height estimate may have been incorrect; however, the height
underestimate, in the ranges we studied, would not affec t
body surface area by more than 5%. The body surface area
computation was not designed for subjects with significant
body deformity and could also be in error. Thus, body
surface area was used to provide only an estimate of size.
Results
Twelve of the boys with Duchenne's muscular dystrophy
had four echocardiographic measurements, one every 12
months, and the remaining seven had three measurements
during the 4 year study period. Failure to obtain a study
every year occurred because a patient moved from the area,
failed to keep an echocardiographic appointment or died.
The distribution of end-diastolic left ventricular wall
thickness of wheelchair-bound patients was similar to that
of normal subjects. Six of 13 patients had values of 50%
or greater (range I to 99 percentile, mean 47). In contrast,
all patients with muscular dystrophy had values below the
mean of normal and wheelchair-bound control subjects.
Patterns of ventricular wall growth in muscular dys-
trophy. Data for each boy with muscular dystrophy are
plotted according to body surface area in Figure 2. At each
body surface area, the systolic wall thickness is the top point
and the diastolic wall thickness is the bottom point. The
50th percentile line for normal subjects applies only to the
diastolic wall thickness. Descriptive data collected at the
time of the last echocardiogram are provided in Table I.
At each measurement period, body surface area increased
over the last measurement, but left ventricular wall thickness
did not demonstrate the expected increase with increasing
body surface area. All 19 patients had a diastolic wall thick-
ness below the 50th percentile of normal. Some patients,
as exemplified by Patients 6, 8, 18 and 19, appeared to
have normal or relatively normal wall growth patterns. A
second wall pattern in the group best characterized by Pa-
tients 9, 10 and 15 , initially followed the growth curve and
then demonstrated a decrease in both systolic and diastolic
wall thickening. Patients 3, 4 and 7 demonstrated a third
pattern of a virtually continuous decrease In wall thickness
during the period of study.
Age, physical ability and blood pressure. Although a
general relation existed for decreasing wall thickness and
increasing age, it could not be extrapolated to characterize
individual children (Table 2). Additionally, physical ability
did not correlate with ventricular wall thinning. Finally,
systemic blood pressure was generally within the normal
JACC Vol 2, No I
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range, thus, decreasing wall thickness was not a result of
abnormally low blood pressure.
Shortening fraction showed minimal year to year varia-
tion, Comparison of the first and last values indicated that
II patients had a slight decrease, 5 had a slight increase
and 3 had no change, The mean change (0.005 units) was
not significantly different from no change, Two patients
(Patients 4 and 7) had abnormally low values, The mean
changes for the first (0.317) and last year (0.311) were both
within the normal range,
Histologic sections of the left ventricular wall in Patient
4 were also examined, The left ventricular wall at necropsy
was about 4 mm and the epicardial half of the wall was
replaced by fibrous tissue, The generally unaffected endo-
cardial portion measured more than half of the total, In
normal subjects, the myocardium at autopsy would be at
least 8 mm thick.
Discussion
Causes of wall thinning in Duchenne's muscular dys-
trophy. An important feature of this investigation was the
demonstration of abnormal ventricular wall growth in pa-
tients with Duchenne's muscular dystrophy, Initially, most
of these patients demonstrated increasing left ventricular
free wall thickness with increasing body surface area, but
at some point during their disease, wall thickness began to
decrease. This decrease in thickness continued until death.
It was probably caused by loss of myofibrils and replacement
fibrosis (3), which have been found at necropsy in our pa-
tients and in those reported on by others (1-4).
Role of epicardial wall fibrosis. The echocardiographic
technique utilized is designed to evaluate the left ventricular
wall thickness at the level of the chordae tendineae. This
area is within the upper part of the posterior basilar area,
an area that some authors (I) have indicated is the most
common location for fibrosis. However, other investigators
(2-4) have indicated that fibrosis is generalized to other
portions of the heart, but the important lesions are usually
limited to the epicardial portion of the free wall of the left
ventricle. Wall thinning is probably not an early event be-
cause some patients who were previously shown to have
abnormal wall relaxation in diastole (9) still show normal
wall thickening with growth. A progressive decrease in end-
diastolic left ventricular wall dimension probably occurs
because of epicardial wall fibrosis and subsequent thinning,
which causes the total thickness of the posterior wall to be
reduced, This hypothesis is supported by the results from
Patient 4 at necropsy.
Lack of correlation with physical inactivity. Wall
thinning in Duchenne's muscular dystrophy is probably not
due to inactivity. Left ventricular wall thickness In a wheel-
chair-bound control group had a totally normal distnbution.
The mean percentile in this group was higher than the high-
est percentile value of any patient with muscular dystrophy.
Data of this control group support the conclusion that the
abnormally thin left ventricular wall in patients with mus-
cular dystrophy is probably due to the myopathic process.
Serial echocardiography versus shortening fraction in
detecting wall thinning. Previously published data indi-
cated that most standard noninvasive tests of left ventricular
function are either normal in muscular dystrophy, or so
minimally abnormal that they provide group separation but
are of little assistance in evaluating an individual patient
(1-5) unless that patient has very severe disease (1-5,9).
Our data demonstrate that shortening fraction does not track
the degenerative cardiac process in Duchenne's muscular
dystrophy, probably because the septum retains contractile
capability in these patients and may exhibit increased con-
traction as the left ventricular posterior wall demonstrates
less contraction. Shortening fraction merely evaluates the
result of cavity size change and does not analyze the manner
in which it occurred. Accordingly, shortening fraction may
be relatively insensitive to myocardial damage in regional
left ventricular disease (15). The plot of wall thickening and
thinning against cycle time is a sensitive early indicator, but
the technique is tedious and requires computer processing.
In contrast, detection of wall thinning by serial echocardio-
graphic examination can be accomplished with calipers and
allows simplicity in both equipment and analysis, This tech-
nique appears to be a reasonable, direct technique to follow
the progress of the nontransmural left ventricular wall fi-
brosis in individual patients,
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